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Abstract 
Taking the Landsat TM and ASTER images of Hanshiqiao wetland nature reserve in 1988, 1996 and 2004 as data source, based on the 
images interpretation by supervised classification, the land use changes during the period 1988 to 2004 were analyzed through land use 
dynamic degree. And then the driving forces of land use changes were analyzed based on natural and artificial factors. The results 
indicated that from 1988 to 2004, as the result of natural factors and human disturbances, the area of wetland shrunk, bringing the 
conversion from wetland to terrestrial land use types such as cultivated land and forest and grass land. Through the synthesis land use 
dynamic degree for the two sub-periods, the land use changes during the period 1996 to 2004 reduced comparing with that during the 
period 1988 to 1996. The management of Hanshiqiao wetland nature reserve must focus on wetland land use changes in future, so as to 
achieve effective conservation of the wetland.  
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1 Introduction 
Since land use/cover change is a major factor for global change because of its interactions with climate, ecosystem 
processes, biogeochemical cycles, biodiversity, and, even more important, human activities (Vogelmann and Howard, 
1998; Xiao et al., 2006), research on land use/cover change has become an important aspect of global change. Satellite 
remote sensing (RS) and geographic information system (GIS) have been widely applied in identifying and analyzing land 
use/cover change. RS can provide multi-temporal data than can be used to quantify the type, amount and location of land 
use change. GIS provides a flexible environment for displaying, storing and analyzing digital data necessary for change 
detection (Wu et al., 2006).  
Wetlands are integral part of the global ecosystem as they can prevent or reduce the severity of flood, feed ground water, 
and provide unique habitats for flora and fauna (Zhang et al., 2009). With the development of social economy, human 
activities (urbanization, deforestation, agriculture reclamation, ect.), as external stress factors, is accelerated the wetland 
landscape change such as area shrinking, landscape fragmentation and ecological function degradation (Yue et al., 2003; 
Xiao et al., 2010; Gu et al., 2007; Yu et al., 2010). This, in turn, influences the regional hydrological environment, climate 
change, biodiversity and so on (Xiao et al., 2010). In this way, land use/cover changes in wetland region play an important 
role on wetland ecological environment and global environmental change. This paper investigated land use changes over 
two time periods, 1988-1996 and 1996-2004 in Hanshiqiao wetland nature reserve, using multi-temporal remote sensing 
data and GIS. The quantitative research on Hanshiqiao wetland land use/cover change could provide scientific basis for 
monitoring wetland environment change and sustained utilization of wetland resource. 
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Where Si is the rate of the ith type land use change during the monitoring period T1 to T2; Ai is the area of the ith type 
land use at the beginning, and UAi is the area of the ith type land use that remains unchanged during this monitoring. Thus, 
this model represented the time rate of change for one type of land use that was converted into another type of land use 
relative to the land use situation at the beginning of the monitoring period. 
Regional difference in land use characteristics was determined using the synthesis land use dynamic degree model as 
follows (Liu and Buhe, 2000): 
2 Study area and methods 
2.1 Study area 
Hanshiqiao wetland nature reserve locates in the midland of Beijing Shunyi district, which belongs to alluvial plain of 
Chaobaihe River (Figure 1). The area has a temperate continental monsoonal climate with an annual average temperature 
of 11.8ºC. Mean annual precipitation in the area is about 566 mm, about 60% of which is in July and August. Hanshiqiao 
wetland is natural lowland in the downstream of Caijiahe River. Caijiahe River flows across the wetland from the north to 
south, and then flows into Jianganhe River, a tributary river of Chaobaihe River. As the important reserve of water head 
site in Chaobaihe watershed, the landscape patterns and its changes and the eco-environment quality in Hanshiqiao 
wetland would be great of importance to the Chaobaihe and its downstream basin (Wu, 2007).  
 
Figure 1. Hanshiqiao wetland nature reserve 
2.2 Data and land use classification 
Land use data were obtained from Landsat TM images in May 1988 and May 1996, and the ASTER images in May 
2004. The satellite images were first geo-referenced with a digitized topographical map at a scale of 1:10000. According 
to the research purpose and status of the study area, the land use classification system of Hanshiqiao wetland region was 
divided into five types that wetland, dry land, irrigated land, forest and grass land and building zone. Based on the geo-
referenced images in three dates, using Erdas Imagine 9.2 software, the images were interpreted by supervised 
classification. Then using GIS tool, the land use data of Hanshiqiao wetland nature reserve in the three years were 
extracted as the basic data of land use/cover change analysis. 
2.3 Land use dynamic degree model 
The land use change was determined using the land use dynamic degree model that included the single land use 
dynamic degree model and the synthesis land use dynamic degree model. Region differences in the rate of land use change 
were determined with the single land use dynamic degree that could be mathematically expressed by the following 
relationship (Li and He, 2002): 
 
                                                            Si=(Ai-UAi)/Ai/(T2-T1)×100%                                                        (1) 
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                                                             S = [(ƸAi-j/ Ai)]×(1/t) ×100%                                                      (2) 
 
S is the land use change rate over time t, Ai is the ith type land use area at the beginning of the monitoring period, and 
ƸAi-j is the total area of the ith type land use that is converted into the other types of land use. This model was thus 
defined as the time rate change of land use that converted into the other types of land use and that at the beginning of 
monitoring period was part of the land use subject to change. This dynamic degree represented, in a comprehensive 
manner, the change of land use in a given region. 
3 Result and analysis 
3.1 Quantity analysis of and use changes 
The land use classification maps for the study area in 1988, 1996 and 2004 were shown in Figure 2. The temporal land 
use changes for Hanshiqiao wetland nature reserve locating in the study area were shown in Table 1. The data indicated 
that four land use types increased while one decreased from 1988 to 2004. Irrigated land had the largest increase with the 
average annual variation of 12.12 ha/year followed by building zone with the average annual variation of 9.09 ha/year, 
forest and grass land with 3.78 ha/year and dry land with 2.56 ha/year (Table 1). Among the land types, only wetland 
decreased by the average annual variation of 27.59 ha/year (Table 1).  
 
Figure 2. The land use classification map of study area in 1988, 1996 and 2004 
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The land use change for the two sub-periods was shown in Table 1 with a large decrease of wetland during the first 
period than the second period, which suggested that the disappearance rate of wetland had slowed. The areas for building 
zone and irrigated land increased during the period 1988-1996 while minor change took place during the period 1996-
2004. During the two sub-periods both of dry land changes increased and the ratio of the increase between the two stages 
was about 1:1. It was observed that the most of land use changes in the early stage were greater than those in the later 
stage during the period 1988 to 2004, which indicated that the utilization of land resources in Hanshiqiao nature reserve 
tended to more and more rational with time. In addition, the areas of forest and grass land in the two periods firstly 
decreased and then had a larger increase.  
 
3.2 Land use dynamic degree analysis 
The single land use dynamic degree for each land use types that is the annual conversion rates of land use types were 
calculated for the two periods (Table 4). Among the various land use types, wetland annual conversion rate was the 
highest during the two periods. Losses of wetland were mainly converted to irrigated land and forest and grass land (Table 
2 and 3). Though the areas of other four land use types all increased during the study periods, their annual conversion 
rates indicated the rapid land use changes in Hanshiqiao wetland nature reserve (Table 4). Most of the dry land changes 
involved converting to irrigated land. However, the total dry land area increased because of conversions from irrigated 
land. Irrigated land mainly converted to dry land and forest and grass land, while forest and grass mainly converted to land 
irrigated land in the two periods. In the meantime, the conversion from some wetland led to the increase in the irrigated 
land and forest and grass land. The increase in building zone was also noticeable in the two periods, which mainly come 
from irrigated land (Table 2 and 3).  
The synthesis land use dynamic degree of Hanshiqiao wetland nature reserve for the period 1988 to 1996 was 1.41%, 
while that was 0.70% for the period 1996 to 2004 (Table 4). Comparing with the overall land use change during the earlier 
stage, the land use change for the later stage had reduced during to the recognition and management of Hanshiqiao 
wetland nature reserve since 2000s. 
Table 2. The land use conversion matrix from 1988 to 1996 
Type Wetland Dry land Irrigated land Forest and grass land Building zone 
Wetland 221.49 0.63 245.79 106.11 22.86 
Dry land 0 66.69 57.42 9.54 9.81 
Irrigated land 39.87 102.33 1065.06 244.62 96.21 
Forest and grass land 36.45 1.35 149.94 372.6 13.23 
Building zone 0.09 1.8 30.33 4.86 278.37 
Table1. Area of different land use types in three years and land use changes from 1988-1996, 1996-2004, and 1988-2004 
Type 
Area (ha) Annual average change (ha/year) 
1988 1996 2004 1988-1996 1996-2004 1988-2004 
Dry land 142.98 163.86 184.01 2.61 2.52 2.56 
Building zone 312.44 419.54 457.88 13.39 4.79 9.09 
Forest and grass land 571.44 513.76 631.92 -7.21 14.77 3.78 
Wetland 596.71 297.07 155.20 -37.45 -17.73 -27.59 
Irrigated land 1542.57 1771.21 1736.42 28.58 -4.35 12.12 
3.3 Driving factors of land use change 
The driving factors of land use changes include two aspects of natural and artificial driving factors. For the natural 
factors, climate-driven change in the hydrological conditions is the key factor causing the changes of the wetland in the 
nature reserve. As we know, water is key element to maintain its spatial distribution and ecological function for the 
wetland (Yu et al., 2010). As the direct and important supply source, precipitation within the watershed is an essential 
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Table 3. The land use conversion matrix from 1996 to 2004 
Type Wetland Dry land Irrigated land Forest and grass land Building zone 
Wetland 99.72 3.78 119.07 72.72 2.61 
Dry land 1.35 87.93 41.76 21.69 10.8 
Irrigated land 35.28 123.66 1150.74 390.06 79.83 
Forest and grass land 15.57 13.23 144.45 336.24 5.58 
Building zone 3.6 1.26 48.15 5.31 362.16 
Table 4. The land use dynamic degree of each land use types for the two periods 
Land use dynamic degree Type 1988-1996 1996-2004 
Single land use 
dynamic degree 
Wetland 7.86 8.31 
Dry land 6.69 5.78 
Irrigated land 3.90 4.42 
Forest and grass land 4.38 4.34 
Building zone 1.47 1.74 
Synthesis land use dynamic degree 1.41 0.70 
factor for the wetland landscape change. Over the last decade, the climate of North China generally become warm and dry, 
especially the Beijing plain in where Hanshiqiao wetland located. The precipitation and runoff volume reduced and 
became unstable, which may cause the area of wetland to shrink, bring the conversion from wetland to terrestrial land use 
types such as cultivated land and forest and grass land. 
Some researches have considered that socio-economics and policies are the major driving forces for land use/cover 
change (Zhang et al., 2009; Liu, 2000), and human disturbances accelerate the changes of land use patterns in the wetland. 
In this study for Hanshiqiao wetland nature reserve, we agree with the above-mentioned findings. For the sake of pursuing 
economic benefit, wetland area has been transformed to agricultural land since the late 1980s. During the 1988-2004 
periods, agricultural development and wetland reclamation was promoted as affected by government subsidies for 
agriculture. Hence, wetland loss in the Hanshiqiao wetland nature reserve can not only be attributed to natural climate and 
precipitation conditions, but also to direct human agricultural activities. Ultimately, as the result of natural factors and 
human disturbances, the land use patterns has been changed, this may cause an adverse influence on wetland ecological 
environment and landscape quality.  
4 Conclusion 
In this study, the land use changes during the period 1988 to 2004 in Hanshiqiao wetland nature reserve were analyzed 
using RS and GIS tool. Firstly, temporal changes of land use characteristics were quantitatively analyzed through land use 
dynamic degree. And then the driving forces of land use changes were analyzed based on natural and artificial factors. 
From 1988 to 2004, as the result of natural factors and human disturbances, the area of wetland shrunk, bringing the 
conversion from wetland to terrestrial land use types such as cultivated land and forest and grass land. Though the areas of 
other four land use types all increased during the study periods, their annual conversion rates indicated the rapid land use 
changes in Hanshiqiao wetland nature reserve. Through the synthesis land use dynamic degree for the two sub-periods, 
the land use changes during the period 1996 to 2004 reduced comparing with that during the period 1988 to 1996. Hence, 
the management of Hanshiqiao wetland nature reserve must focus on wetland land use changes in future, so as to achieve 
effective conservation of the wetland. We believe that the study results can provide foundations for target protection in 
Hanshiqiao wetland nature reserve. 
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